. It is highly concentrated in Type I muscle fibers (V#{228}#{228}.n#{228}nen et al., 1985; Shima et al., 1983; Riley et al., 1982; V#{228} in#{228}nen et al. , 1982) , but is also found in small amounts in Type ha fibers (Jeffeny et al., 1987) , in smooth muscle and myoepithelial cells (V#{228}#{228}n#{228}nen and Autio-Hanmainen, 1987) . The high concentrations of CA III in Type I fibers, which are known to have a high capacity fon aerobic energy production and also a high myoglobin concentration, suggest that CA III may be involved in C02 transport, analogous to the function of myoglobin in oxygen transport (Wittenbeng, 1977) . Gros and Dodgson (1988) recently suggested that CA III has a role in C02 diffusion and transport. However, little experimental data exist so far to support this. In fact, Fremont et al. (1988) demonstrated that although Type ha fibers also have a high capacity for aerobic energy production and thus produce much C02 , they contain significantly less CA III than Type I fibers.
Intact nerve function is thought to be the main regulator of fiber type differentiation (Rubinstein and Kelly, 1981 in a shortened position and the 1k muscle in a lengthened position. Thirty rats were used as controls. The casts were changed weekly. The animals were immobilized for 3 days, 1 week, 3 weeks, and 6 weeks. In addition, the right hindlimbs ofseven rats were immobilized for 3 weeks with the ankle in dorsiflexion (30-40'), so that the soleus was now in a lengthened posiiion and the TA in a shortened position. After immobilization, the musdes were removed under anesthesia from both legs of the immobilized rats and from the right leg of the control animals. The muscles were weighed, and from a total of 12 rats from the 3-and 6-week experimental groups, thin sections of the muscle belly were obtained for histochemistry.
Biochemical
Assays. After rapid dissection the muscles were immersed in liquid nitrogen for measurement of CA III and total soluble protein.
Muscle homogenates were prepared by homogenizing 1:10 (w/v) with distilled water using Ultra Turrax (Jonke and Kunkel; Breisgau, ERG). The supcmatants were obtained by centrifugation at 10,000 x g for 10 mm at 4C. The radioimmunoassay was carried out on supernatants as previously described (Shiels et al., 1984) . The total soluble protein was measured according to Lowry (1951).
Electrophoresis and Preparation ofWestern
Blot. Sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis was performed on 7.5% gels as described by Laemmli(1970) .
Coomassie blue stainingwas used to visualize protein bands in gels. Proteins were transferred to nitrocellulose as described by Towbin et al. (1979) and immunostained with a anti-CA lilserum using the peroxidasc-antiperoxidase method (V n#{228}nen et al., 1986) .
Immunohistochemical
Staining ofCA ifi. For the CA III staining, thin muscle slices were immersed in ice-cold Carnoy's fluid for 3 hr. After dehydration in ethanol and chloroform the muscle blocks were embedded in low melting-point paraffin(52-56'C). The immunohistochcmical staining was performed as previously described (V .n#{228}nen et al., 1985) using the PAP method.
Deparaffined and rehydrated 6-tim sections were incubated with a 1:400 dilution ofthe rabbit anti-human CA III for 2 hr. After washing in PBS the sections were incubated for 30 mm with 1:20 diluted swine anti-rabbit immunoglobulins, washed in PBS, and incubated again for 30 mm with PAP complex (Dako; Glostrup, Denmark). A solution of H202 and 3,3'-diaminobenzidinc(Fluka; Buchs, Switzenland)was used to visualize the reaction. The crossreactivity and the specificity of the anti-human CA III for rat CA III have been previously shown (Vaan#{228}nen et al., 1986) .
Actomyosin
ATPase Staining.
Adjacent slices of muscle were used for ATPasc and routine HE staining. ATPase staining at different pHs was done according
to Guth and Samaha (1970) .
Statistical
Analyses.
The statistical evaluation of the results was performed using a one-and two-way analysis of variance and a one-and twotailed t-test.
Results
The final body weights ofthc animals and the weight ofeach musdc after the experiment arc shown in 
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CAST IMMOBILIZATION
AND MUSCLE CA ifi 621 tween the muscles of the left unimmobiized hindlimbs and controls.
ATPase staining at pH 4.3 ofthc TA immobilized in the shortcned position showed an increase in lightly stained fibers (Type ha), when compared with the unimmobilized muscle or controls ( Figures  3a and 3b ). No such change was seen when the muscle was immobilized in a stretched position.
In the shortened soleus muscle a shift from fiber Type I to fiber Type Ila was seen ( Figures   4a and 4b) , but when the muscle was immobilized in a lengthened position the shift was much slighter.
Immunostaining of CA III showed a dramatic increase in CA Ill-positive fibers in the stretched TA muscle after 3 and 6 weeks' immobilization (Figures 5a and Sb) . Almost all fibers were posiiivc for CA III ( Figure  Sb) . The change was less when the muscle was immobilized in a shortened position.
In the control soleus and in the stretched solcus almost all fibers were positive for CA III ( Figure  6a ). When the muscle was immobilized in a shorted position, fibers showed a transition to Type IIa ( Figure  6b ). In some muscles fibers showed a change that resembled the so-called zonal tenotomy lesion ( Figure  6c ). This phenomenon was not found in muscles immobilized in a stretched position.
Discussion
Cast immobilization induces muscle disuse atrophy without nerve lesions.
The decrease in muscle weight is generally exponential, and the onset ofatrophy is delayed by stretching the muscle (Jaspers et al., 1988; Booth, 1977) .
In the present study the ankle was immobilized in either plantar or dorsiflexion, so that the solcus muscle was in a shortened and the tibialis anterior in a lengthened position on the opposite, et al., 1966) and in chronic peripheral neunopathies (Dubowitz, 1967) . DeReuck et al. (1983) found more damaged fibers in the gastrocnemius muscle immobilized in a non-stretch than in a stretch position. This is in accord with the present findings in the solcus muscle.
Fiber splitting indicates degeneration of the muscle, and is usually seen in myopathies and, to lesser degrees, in neuropathies and disuse (Dubowitz, 1985) . It may influence the fiber amount and distribution but, as the figures show, splitting is hardly notable.
In conclusion, immobilization of the TA muscle in a lengthened position results in a significant increase of the CA III concentration, whereas immobilization in a shortened position influences the CA III concentration much less. In the soleus muscle only long immobilization time (6 weeks 
